Context. The orbits of one-apparition comets discovered in the early part of the last century have formerly been determined with very different numerical methods and assumptions on the model of the solar system, including the number of planets taken into account. Moreover, observations of the comet-minus-star-type sometimes led to determination of the comet position that are less precise than what we can derive today by using a more modern star catalogue. Aims. We aim to provide a new catalogue of cometary orbits that are derived using a completely homogeneous data treatment, accurate numerical integration, and a modern model of the solar system. Methods. We collected the complete sets of observations for investigated comets from the original publications. Then we recalculated the cometary positions for the comet-minus-star-type of observations using the Positions and Proper Motions Star Catalogue, and applied a uniform method for the data selection and weighting. As a final result, new osculating orbits were determined. Secondly, dynamical calculations were performed to the distance of 250 AU from the Sun to derive original and future barycentric orbits for evolution backward and forward in time. These numerical calculations for a given object start from a swarm of virtual comets constructed using our osculating (nominal) orbit. In this way, we obtained the orbital element uncertainties of original and future barycentric orbits.
Introduction
The idea of a new catalogue of one-apparition comets was first conceived in the mid-1960s by a team of three astronomers from Warsaw, Maciej Bielicki (1906 Bielicki ( -1988 , Grzegorz Sitarski, and Krzysztof Ziołkowski. The latter two were young enthusiasts of the new computing capabilities that in the first half of the sixties appeared on the horizon for Polish astronomers by gaining access to computers that were called electronic mathematical machines. Bielicki, Sitarski and Ziołkowski began a very long-term project to create and develop a unified package of numerical codes that would perform a fully automated orbital integration of the motion of comets and asteroids to determine their orbits on the basis of astrometric data and investigate their dynamical evolution on any time scales. The numerical codes were gradually verified with examples of comets All catalogue tables given in appendices are also available at the CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via http://cdsarc.u-strasbg.fr/viz-bin/qcat?J/A+A/571/A63 (e.g. 22P/Kopff, 26P/Grigg-Skjellerup), which in turn led to the start of the catalogue project in 1967. This was a very ambitious task in that time in Poland.
The previously existing cometary catalogues contained orbital elements of comets derived from a variety of sources, which means that different methods were used that are characterized by different accuracy and assume different models of the solar system. This new catalogue, in contrast, would contain a uniform set of orbital elements obtained using modern numerical methods and a modern ephemeris of the solar system. The second main idea behind the new catalogue was to determine the orbits of each comet using all the existing positional observations. Therefore, the most important problems to solve were -completing all the comet observations in astronomical literature; at that time there was no internet, and it was difficult to access to several of the original publications containing the old observations; -reducing collected measurements to a single star-catalogue when possible and selecting and weighting these measurements on the basis of mathematically objective criteria; A&A 571, A63 (2014) -developing the methods for determining the osculating orbits of comets in a uniform manner with the use of accurate numerical integration and a modern model of the solar system.
Thanks to Eduard Pittich from the Astronomical Institute of the Slovak Academy of Sciences at Bratislava, the cooperation between Polish and Slovak astronomers was established for the catalogue project during the twelfth plenary meeting of COSPAR held in Prague in May 1969. Information about this project and the preliminary theoretical solutions of various problems related to data processing and orbital calculations were presented and discussed in a larger international group of specialists during the IAU symposium 45, "The Motion, Evolution of Orbits, and Origin of Comets" held in Leningrad (now Saint Petersburg) in August 1970. The early publications that directly referred to the idea of a new catalogue outlined how important it would be to uniformly treat astrometric observations and the way they would be selected and weighted (Bielicki 1972; Sitarski 1972; Bielicki & Ziołkowski 1976) . These also described the data treatment and the recurrent power-series method of numerical integration developed by Sitarski (1979a,b) . The Polish-Slovak cooperation focused mainly on collecting positional observations of one-apparition comets. In Poland, the data were collected from the first half of the twentieth century. This activity involved many young astronomers, students, and amateur astronomers, and their work was first coordinated by Tomasz Chlebowski, then still a student of astronomy, and next by Wanda Borodziewicz from the Space Research Centre PAS. In the Chech and Slovak Republics (former Czechoslovakia), where the astronomical libraries had not been as badly destroyed during the Second World War as in Poland, astronomers collected the data for comets of the nineteenth century.
A database of cometary positional observations from the first half of the twentieth century and the development of basic numerical codes associated with the Catalogue project was almost completed in October 1988. At that time, the Polish-Slovak conference "The dynamics of small bodies in the solar system" took place in Warsaw and was largely devoted to the catalogue of one-apparition comets.
Then there was a period of inactivity in the formal work on the catalogue, but the software packages for the orbital calculation were still improved and upgraded for the current dynamical studies of small bodies in the solar system. The adopted research methods, including the method of numerical integration and model of the solar system, were described by Sitarski (1984 Sitarski ( , 1989 Sitarski ( , 2002 . The developed methods and software packages have been thoroughly tested during all these years, with a resulting number of publications examining the motion of both asteroids and comets, including the non-gravitational effects, for example, Sitarski (1992 Sitarski ( , 1998 and Rickman et al. (1987) .
The final coherent and homogeneous study conducted to determine the orbital motion of comets of the first half of the twentieth century, which is the basis of this part I of the catalogue of one-apparition comets, was carried out during the years 2009-2013. The paper is organized as follows: in the next section we describe the sample of comets and the data collected for all these objects. Data processing and orbit determination are described in Sect. 3. In some cases we were able to determine the non-gravitational (hereafter NG) orbits. Therefore in Sect. 4, we briefly describe the adopted model of NG acceleration and give some examples of how these NG solutions fit the data in comparison to pure gravitational models. Original and future orbits are discussed in Sect. 5. The article ends with a brief discussion (Sect. 6).
This publication is additionally accompanied by an online catalogue available at ssdp.cbk.waw.pl/LPCs, providing entries for orbital elements of individual comets and for full swarms of the original and future virtual comets (VCs; see Sect. 5) that formed the basis for the detailed analysis of the dynamical evolution. In the future, we plan to insert more graphics there, for example O-C time variations.
Brief description of the catalogue
The main part of this catalogue, that is, the tabular material given in this publication, consists of seven tables.
-Tables A.1-A.2 describe the collected observational data and how they were processed, -Tables B.1-B.2 present homogeneous sets of heliocentric osculating orbits of all investigated comets and sets of nongravitational parameters for comets with determinable nongravitational solutions, -Table C.1 lists the original and future barycentric inverse semi-major axes and the orbit quality assessment, -Tables D.1-E.1 include barycentric sets of original and future orbits determined at 250 AU from the Sun.
Sample and general data characteristics
For this new catalogue we investigated only comets that were discovered in the first half of the twentieth century. The Catalogue of Cometary Orbits (Marsden & Williams 2008 , hereafter MW08) includes 93 long-period comets (orbital period greater than 200 yr) and 33 parabolic comets (assumed e = 1) discovered in this period. For the first part of the catalogue, we constructed a sample of near-parabolic comets with original semi-major axes of 1/a ori < 0.000130 AU −1 in MW08, that is, comets of original semi-major axes larger than ∼7700 AU. This means that we limited ourselves here to comets of good-quality orbits as defined by MW08, that is, according to the orbital quality assessment introduced by Marsden et al. (1978, hereafter MSE) . We found 38 comets of 1/a ori < 0.000130 AU −1 in MW08, 32 of which have firstclass-quality orbits (class 1A or 1B), and the remaining 6 have second-class-quality orbits (2A or 2B). In this sample, only six comets have a perihelion distance larger than 3.0 AU, and the highest value is q osc = 4.2 AU (comet C/1925 F1). The remaining comets from the years 1901-1950 will be the subject of part II of the catalogue. At the moment we have analysed only about 30% of the objects from this second part.
The positional data for all selected comets were collected from the literature many years ago in Warsaw in cooperation with the Slovakian group from the Astronomical Institute in Bratislava. All collected data are plotted in Fig. 1 , where significant selection effects are easily visible, such as the striking predominance of northern sky observations. Characteristics of the collected observational material are given in Cols. (4)-(7) of Table A .1, while the data interval and number of measurements taken to determine the orbit in MW08 are shown in Cols. (8)-(9). In most cases the comets were discovered before perihelion passage, but some were detected just after passing through perihelion (marked as "post" data arc in Col. (4) of Table A.1) . Moreover, many comets were followed to much larger heliocentric distances than the heliocentric distance at discovery. This Fig. 1 . Overall view on cometary tracks filled by collected astrometric observations in geocentric equatorial coordinate system given in Aitoff projection. The declination is plotted along the ordinate, the right ascension along the abscissa (increasing from zero to 360 degree from the left to right) and the centre of projection is 0
• of declination and 180
• of right ascension. The lines of right ascension and declination are shown at 30
• intervals, and the wavy line shows the projection of the ecliptic onto the celestial sphere. Each positional observation is shown as a light steel-blue point for a given comet, except for the first observation, which is shown as a dark magenta point. asymmetry in observed heliocentric distances around perihelion is easily visible in Col. (7) of Table A.1. Only in ten cases the heliocentric distance at the moment of discovery is similar to that of the last measurement of the cometary position. For example, only two comets, C/1906 E1 and C/1916 G1, were discovered at distances greater than 5.0 AU from the Sun, while 12 comets were still observed after perihelion passage at similarly large heliocentric distances.
In most cases, we have more observations than the observation sets that were taken to determine the orbits presented in MW08 (compare Cols. (5) and (9) of Table A.1) 1 . Only in two cases (C/1906 E1, C/1942 C1) we found fewer literature data than declared in MW08 (Col. (3) of Table C.1) .
Comet C/1906 B1 is a special case. In 2003 Kronk (2008) identified two prediscovery observations of this comet. He found that an unknown comet photographed by E. E. Barnard in July 1905 is the comet discovered in January 1906 by Brooks. These observations extend the data interval by about six months. Williams (2005) calculated the orbital elements of the comet based on the completed set of observations (arc of nine months, see also MW08). We supplemented our data for this comet with some positional observations available at the MPC archive (IAU Minor Planet Center Database 2013).
Comet C/1940 R2 is the second special case in this context. We were able to find more data than in MW08 for this comet but, unfortunately, all of them were taken before 1941 April 1, whereas in MW08 the data sequence continues to June 17.
In the remaining cases, however, we have richer observational materials than those listed in MW08 for orbit 1 In many old astrometric measurements the position of a comet in right ascension, α, and declination, δ, was taken at times separated by a few to several tens of minutes. Then the single observation contains only α or δ. We used such a measurement in one coordinate as a separate observation with one residual where the second residual was rejected for obvious reasons. Generally, we accepted rejection in only one coordinate, α or δ, in our selection procedure when the second coordinate was incorrect. Thus, it is more appropriate to compare the number of residuals taken for our orbit determination (Col. (10) of determination. In many cases, our collected data are even several times more numerous, for instance for comets C/1902 R1, C/1902 X1, C/1904 Y1, C/1912 R1, C/1913 Y1, C/1914 F1, C/1919 Q2, C/1932 M1, C/1937 C1, and C/1950 K1. Moreover, for almost all comets we also have data of comet-minus-star type that allow us to correct the cometary positions for a newer catalogue than was formerly available. Starting with orbit determination in this project, we decided to use the Positions and Proper Motions Star Catalogue (PPM catalogue) that is the successor of the SAO catalogue and contains precise positions (in the J2000/FK5 coordinate system) of almost 400 000 stars located on the whole sky and is almost complete to V = 9.
m 5 with about 25 per cent of stars fainter than V = 10 m . The PPM catalogue was very helpful for finding the star positions for the purpose of very old observations of comets (Gabryszewski 1997) . During this project we found that it is also very helpful for the sample of comets discovered in the years 1901-1950 (see next section).
Data processing and osculating-orbit determination
Old cometary observations were prepared by observers as apparent positions in right ascension and declination or as reduced positions for the epoch of the beginning of the year of a given observation; the observations were much more rarely reduced to a more distant epoch. This is a huge advantage of these data, because we were able to uniformly take into account all necessary corrections associated with the data reduction to the standard epoch. Moreover, as was already mentioned, many observers have also published the comet-minus-star measurements, (➹-★). Thus, the most original observations of a comet's positions relative to the reference stars have allowed us to recalculate new positions of the comet using a more modern star catalogue (PPM catalogue).
This caused the data processing and each cometary orbit determination to consist of three steps.
At the beginning of the first step we determined the preliminary pure gravitational (hereafter GR) osculating orbit using only a selection procedure based on Chauvenet's criterion (fewer than one hundred observations in the given set of data) or Bessell's criterion (more than one hundred observations). For a description of these two criteria, see Bielicki & Sitarski (1991) and Królikowska et al. (2009) . Next, we extracted all measurements with comet-minus-star (➹-★) data. The numbers of this type of observations are given in Col. (2) of Table A.2. Assuming that the (➹-★) data are measurements that cannot be changed, we recalculated the new comet position for these observations in right ascension and declination using the PPM catalogue. The detailed procedure to recalculate the comet's position is described by Gabryszewski (1997) , where the successful application to four sets of cometary measurements taken between the years 1860-1930 is also presented. In all cases we found that this procedure improved the orbit determination by (i) reducing the root mean square (rms) residual and/or by (ii) changing the number of residuals. This can be seen by comparing rms and number of residuals for the osculating orbit determined from the whole set of measurements (Col. (5) of Table A.1) before applying the PPM procedure (Cols. (5)- (6) of Table A. 2) with rms and number of residuals after the PPMprocedure application (Cols. (7)- (8) We also collected many data consisting of only (➹-★) measurements, that is, without calculated cometary positions. In these situations we interpolated a preliminary comet position from the observations taken just before and after such a measurement. Using this preliminary position of the comet, we tried to find the actual star position on the basis of the PPM catalogue and then the actual comet position. In some cases this method was successful and allowed us to significantly increase the number of data, as in the case of C/1916 G1 (number of residuals increased by 10%), C/1921 E1 (11%) and C/1922 U1 (12%); these three cases are marked by the icon ➹ in Col. (8) of Table A .2).
At the end of this step we determined the osculating orbit from data modified following the PPM catalogue, using the pure selection procedure based on Chauvenet's or Bessel's criterion (depending on the number of measurements in the data set, as mentioned before). Additionally, when there were very many data, we selected data before and after perihelion passage, independently. This is a very good way to select data to estimate the possibility of detecting NG effects in the cometary motion. When the rms derived from the whole data set using the pure GR model exceeds the rms for the two legs of the GR orbit determined independently, this indicates that the NG effects will be easily determinable in the motion of the comet.
In the second step we determined the osculating orbit from the data recalculated following the PPM catalogue, using the selection and weighting procedure simultaneously with the orbit determination. We found earlier that the weighting procedure is crucial for the orbit fitting (see for example Królikowska et al. 2009; Królikowska & Dybczyński 2010) . Here, we confirm this conclusion also for comets discovered in the first half of the twentieth century. We decided, however, not to weight observations for smaller data sets (fewer than one hundred measurements). Thus, the data were not weighted for C/1914 M1, C/1940 S1, C/1944 K2, and C/1948 T2. We made an exception for C/1942 C2, where the model presented here was weighted since the observations were taken only at four different observatories. Generally, the weighting procedure results in lower rms; for C/1902 X1, for example, the rms decreased from 3. 37 (1301 residuals, preliminary solution, see Col. (7) Additionally, in some special cases we used a more restrictive criterion of data selection for the final solution than for the preliminary solution. The final non-weighted solution for C/1940 S1 (the poorest quality of orbit in this catalogue), for example, was based on data selected according to Bessel's criterion, and the resulting rms is significantly lower than the preliminary one (compare Col. (9) The rms and number of residuals resulting from the final selection and weighting procedure are given in Cols. (9)- (10) (C/1906 E1 and C/1942 C1) , these percentages taken into account to determine the orbit are significantly lower than ours, below 50% for 20 comets, and even below 30% for five of them. Królikowska & Dybczyński (2013) . This new orbit quality estimate is based on the original MSE method, but is slightly more restrictive and better diversifies than the MSE method, especially concerning recently discovered objects that are observed using modern techniques. In the following discussion, we refer to this new orbit quality estimate.
In the third step we made an attempt to determine the NG effects in the motion of each comet. Once again, each individual set of astrometric data was selected and weighted simultaneously with the iterative process of NG orbit determination. The model of NG motion is described in the next section. In the present investigation we were able to determine NG effects in the motion of thirteen comets, that is, in 34% of the comets investigated here. These comets are indicated by grey shading in Table A.1.
All the numerical calculations presented here are based on the Warsaw ephemeris DE405/WAW (Sitarski 2002) , that is, a numerical solar system ephemeris, which is consistent at a high accuracy with the JPL ephemeris DE405 (Standish 1998 ). The equations of motion were integrated using the recurrent powerseries method (Sitarski 1989) , taking into account the perturbations by all planets and including relativistic effects.
Non-gravitational acceleration
To determine the NG cometary orbit we applied the standard formalism proposed by Marsden et al. (1973, hereafter MSY) where the three orbital components of the NG acceleration acting on a comet are expressed by a function g(r) symmetric relative to perihelion,
where F 1 , F 2 , F 3 represent the radial, transverse, and normal components of the NG acceleration, respectively, and the radial acceleration is defined outward along the Sun-comet line.
The normalization constant α = 0.1113 gives g(1 AU) = 1; the scale distance r 0 = 2.808 AU. From orbital calculations, the NG parameters A 1 , A 2 , and A 3 were derived together with six orbital elements within a given time interval (numerical methods were originally described by Sitarski 1984) . The standard NG model assumes that water sublimates from the whole surface of an isothermal cometary nucleus. An asymmetric model of NG acceleration is derived by using g(r(t − τ)) instead of g(r(t)) (Yeomans & Chodas 1989; Sitarski 1994 ). This last model introduces an additional NG parameter τ -the time displacement of the maximum of the g(r) relative to the moment of perihelion passage. We found that only the symmetric model of NG motion was applicable for the comets investigated here. Using the formalism described above, we found satisfactory NG models for thirteen of the 38 investigated near-parabolic comets. The NG parameters found for all these comets are presented in Table B .2. We noticed some traces of NG effects in the motion of some other comets, but we decided to present here only the NG solutions where we noticed an improved orbit fitting in comparison to a pure gravitational orbit. This improved fitting was measured by three criteria (Królikowska & Dybczyński 2013) :
-decrease in rms residual, -overcoming or reducing the improper trends in O-C time variations, -increasing the similarity of the O-C distribution to a Gaussian distribution.
Solutions that include the NG effects in the model of motion are highlighted by grey shading in Tables A.1 , B.1, C.1, D.1, and E.1. The rms residual for all NG solutions presented here is lower than the GR solutions (Col. (9) of Table C.1). In the following two subsections we discuss some examples that illustrate the improved time variation and statistical distribution of O-C residuals when NG accelerations are included in the comet motion.
O-C time variations
Two examples of how the NG model of motion improves the O-C vs. time diagram are presented in Fig. 2 for comets C/1914 F1 Kritzinger (0.48 yr data span, q osc = 1.20 AU) and C/1946 C1 Timmers (1.52 yr data span, q osc = 1.72 AU), which have second-and first-class orbits, respectively.
NG solutions for comets of second-class orbits
Comets of second-class orbits need special care during the NG solution because of the relatively large rms residuals. We were surprised to find NG trends in data for five such comets.
Among these five are three comets (C/1906 B1, C/1911 S3 and C/1921 E1) with hyperbolic original, barycentric orbits. We chose C/1914 F1, which has 2a/2b class GR/NG orbits, to visualize the differences between GR and NG solutions in O-C time variations. However, we also discuss in detail the differences between NG and GR solutions for the remaining four comets of second-class orbits. Table C .1). Moreover, the O-C distribution for the NG orbit is perfectly Gaussian with χ 2 = 15.9 for 18 degrees of freedom, while the critical χ 2 (18, 0.05)-value associated with the number of degrees of freedom (18) and assumed significance level (0.05) equals 28.9. The purely gravitational orbit gives a poorer fitting to a normal distribution (with χ 2 = 24.7 for 18 degrees of freedom). Thus, the NG orbit seems to be a more adequate solution for C/1914 F1, although the NG osculating orbit is determined with very poor accuracy (2b class). It yields an original inverse semimajor axis of (600 ± 152) × 10 −6 AU −1 , that is, far beyond the Oort spike, but within 3 sigma combined error, this value is consistent with the 1/a ori = (57 ±28) ×10
−6 AU −1 that results from a purely GR solution. In our opinion this NG orbital solution better describes both the actual motion of this comet and our actual knowledge of the orbital elements.
Generally, the NG model of motion (if determinable) is always closer to reality. However, in this model we always need to determine additional parameters together with the orbital elements. Thus, the uncertainties of orbital elements of a NG orbit are usually larger than those of a GR orbit for the same comet. Nevertheless, the NG solution with its larger uncertainties more adequately describes our actual knowledge of the dynamics of an individual comet.
This argument was also an important reason to give NG solutions for two other comets of second-class orbits, C/1911 S3 (0.38 yr data span, q osc = 0.303 AU) and C/1937 N1 (0.49 yr data span, q osc = 0.86 AU). In both cases, the data interval is about as short as for C/1914 F1. Additionally, the data structure is similar for all three comets.
In the C/1911 S3 data, the gap in observations toward the end of data goes from 1911 October 29 to 1912 Jan. 28 with five more observations from January 29 to February 17 taken by C.D. Perrine at Cordoba (National Observatory, Argentina). The eccentricity of the osculating orbit determined by us (e = 1.000174 on the basis of 246 residuals) is closer to the value derived originally by Grubissich (1952, e = 1.000170 on the basis of 128 measurements) than to that obtained by MSE and given in MW08 (e = 1.000147, on the basis of only 66 observations).
For C/1937 N1 a similar lack of data exists from 1937 October 6 to December 29, and the last single measurement was taken on December 30 by J. Bobone also at Cordoba. The importance of the last measurements of data is evident in both cases. We noticed a better fitting of the terminal data in NG solutions for both comets, but with significantly less improvement in overall O-C time variation for C/1937 N1 than for C/1914 F1. We conclude that NG effects are visible mainly in the decrease of rms residual (see Col. (9) of Table C.1).
Similar to the C/1914 F1 case, NG solutions of C/1911 S3 and C/1937 N1 result in significant shifts of 1/a ori to more positive values (Sect. 5).
Two more comets with determinable NG effects and secondclass orbits are C/1906 B1 and C/1921 E1. Both comets were observed longer than those discussed above and have a gap in observations at the beginning (C/1906 B1, six-month lack of data) or close to the end (C/1921 E1, three-month lack of observations) of data sequences. This data structure causes two prediscovery observations in July 1905 to extend the data period from three to nine months for C/1906 B1. Thus, these two prediscovery observations are crucial for determining the NG effects in the motion of this comet. In the second case, the situation is slightly different because at the end of data we have a sequence of four observations from 1921 October 2 to 1921 November 26. All of them were taken by W.H.W. Baade, who was the only observer that followed the comet after the three-month gap in data caused by the comet's conjunction with the sun. In the GR solution all residuals are negative in both right ascensions and declination. This trend disappears for the NG orbit.
NG solutions for comets of first-class orbits
Of the eight comets from this group we selected C/1946 C1 for the detailed discussions because it has a characteristic data structure with a large gap at the end of the time sequence of observations (right panel of Fig. 2 ). In this case, the six measurements taken by H. M. Jeffers using the 36-inch Crossley reflector at Lick Observatory (Mount Hamilton) are crucial for osculating orbit determinations. He photographed the comet in 1947 on June 24-25, July 13, and August 9. These observations extended the observation interval by almost ten months. In the third right-side panel from the top, all six measurements show a trend towards increasingly negative residuals in right ascension and increasingly positive residuals in declination for a purely GR solution. In this case the rms residual decreases from 2. 53 (GR solution) to 2. 17 (NG solution, see Table C .1).
The bottom panels of Fig. 2 show a close similarity in normalized weights of data between the NG solution (dark blue points) and the GR solution (light steel-blue points) for the entire data interval (C/1914 F1) or almost all measurements (C/1946 C1) . This merits a brief comment. Normalized weights obtained in the GR model for the measurements taken at Mount Hamilton (about 0.5) suggest that these data are of lower accuracy than the average subset of measurements in this data set, while assuming a NG model of motion, we derive that these data fit the model best of all groups of measurements taken for this comet. This is an additional indication that the NG model better describes the actual motion of C/1946 C1.
This behaviour of weights is rather typical for all comets investigated here. However, sometimes there are even trends in weights for GR models in contrast to NG models (see Sect. 4.2).
O-C distributions
Two other examples provide a comparison of O-C distributions between three types of models: (i) the GR model determined using selected data; (ii) the GR model based on selected and weighted data; and (iii) the NG model also based on selected and weighted data. Observations were always individually selected and/or weighted during each process of orbit determination for each model (see bottom panels in Fig. 2) . The upper Fig. 3 . O-C residual distributions taken for orbit determination for comets C/1937 N1 Finsler (upper panels, second-class GR/NG orbits) and C/1942 C1 Whipple-Bernasconi-Kulin (lower panels, first-class GR/NG orbits). For both comets three types of solutions are shown, from left to right: pure GR solution based on non-weighted data, pure GR solution based on weighted data, and NG solution derived using weighted data. The best-fitting Gaussian distributions are shown by magenta dots, each chosen to lie exactly in the middle of a histogram bin. panels of Fig. 3 display the residual distributions for C/1937 N1 Finsler and the lower panels those for C/1942 C1 WhippleBernasconi-Kulin (here, we present the combined distributions of the residuals in right ascension and declination since in our weighting procedure we applied the simplifying assumption of equal weight in right ascension and declination for an individual measurement). In both cases, about 8-9% of the residuals are rejected in all three models, while the orbit of C/1937 N1 in MW08 was determined using only about 50 per cent of the data collected in the literature by us, and for C/1942 C1, we have fewer observations than declared in MW08.
The best-fitting normal distribution for the data sets of both comets deviates significantly when all measurements were taken with equal weights. Moreover, the asymmetry of the residual distribution is noteworthy (leftmost distributions in both sets of panels of Fig. 3 ). The improvement of the fit to a Gaussian distribution is remarkable when we include the weighting procedure in the GR orbit determination in both cases. The goodness of the fits of the derived O-C distributions to Gaussians was measured by the Pearson chi-squared test. Additionally, we calculated the kurtosis (related to the fourth moment of the distribution) and skewness (related to the third moment), and thus controlled whether/how the deviations from the normal distribution decrease when NG effects are included in the model of motion. The values of χ 2 -test and the number of degrees of freedom are presented below each histogram in Fig. 3 .
As was mentioned before, the critical χ 2 (18, 0.05) value equals 28.9. This means that in for C/1937 N1 both GR solutions give residual distributions inconsistent with a hypothesized normal distribution, while for C/1942 C2 the residual distributions for GR-weighted solution (χ 2 = 14.8) fit a normal distribution very well. For C/1937 N1 the deviation can be interpreted to mainly result from the inadequacy of the GR model. Hence, NG effects may be suspected in the motion of this comet. When these are included in the model, the resulting distribution of residuals gives χ 2 = 24.2, indicating that the residual distribution for the NG model is consistent with a normal distribution at the assumed significance level of 0.05. This is different for C/1942 C1. Already the GR solution based on weighted data gives an excellent fit to a normal distribution, similarly as the NG solution does.
The examples given in Fig. 3 are representative for all comets with determinable NG effects. Thus, in some cases, we do not observe improvements in the fit to a normal distribution between GR and NG models. However, the decrease of rms and O-C time variations indicate that the NG model better represents the data set than the GR solution. Additionally, sometimes we noticed that the weights determined in a GR model try to compensate for trends in residuals by a more of less systematic decrease of weights for measurements at the end of the data interval. In the NG models these trends disappear.
Original and future orbits
To derive original and future reciprocal semi-major axes for each comet, we performed dynamical calculations backward and forward in time out to 250 AU from the Sun, that is, to a location where planetary perturbations are completely negligible (Todorovic-Juchniewicz 1981) . In the present investigation of dynamical evolution, the numerical calculations for a given object start from a swarm of virtual comets (hereafter VCs) constructed using the osculating orbit (so-called nominal osculating orbit) determined in the respective model shown in Table B .1. For comets with determinable NG effects, we calculated two types of evolution: the pure GR evolution starting from the purely gravitational osculating orbit, and the NG evolution starting from the NG osculating orbit.
Each individual swarm of starting osculating orbits consists of 5 001 VCs including the nominal orbit and is constructed according to the Monte Carlo method proposed by Sitarski (1998) , where the entire swarm fulfils the Gaussian statistics of fits to positional data for a given osculating orbit determination. All 1/adistributions and the distributions of other orbital elements of the analysed swarm of VCs were still perfectly Gaussian at 250 AU from the Sun.
Hence, we are able to determine the uncertainties of original and future orbital elements, including the reciprocal semimajor axes, by fitting each original/future swarm of VC orbital elements to a Gaussian distribution. These uncertainties of orbital elements are given together with original/future elements in Cols. (3)- (9) (4) and (6)) and our investigation (Cols. (7)- (8)).
Assuming that orbits listed in MW08 have intrinsic errors (uncertainties) on the same level as ours, we found that our 1/a ori for GR orbits are consistent within about combined 3 sigma with those given in MW08 for almost all comets investigated here. This fact is illustrated in Figs. 4 and 5. In both figures our GR solutions for comets of first-class orbits (1a or 1b) are plotted in With the classic MSE paper, it became clear that NG effects are important for determining the original inverse semi-major axis for long-period comets. In a series of papers, Królikowska (2001 Królikowska ( , 2004 Królikowska ( , 2006 showed that by including the NG accelerations into the model of motion, slightly different osculating orbits were derived than when assuming purely gravitational motion, and these subtle differences can significantly change the original semi-major axes of these near-parabolic comets. This effect is also clearly visible for comets investigated here. The differences between the reciprocal semi-major axes derived in the NG and GR models of motion are illustrated for 13 comets examined here in Fig. 6 (C/1911 S3 is outside the right border in the lowest panel). In this sample of comets with detectable NG effects there are eight comets with first-class orbits (1a and 1b) and five with second-class orbits. The latter five are recognizable in Fig. 6 by dark red colour and significantly larger uncertainties of 1/a ori than the remaining eight comets.
Limiting ourselves to comets with first-class orbits, the change of 1/a ori due to incorporating the NG effects causes one of eight comets to be situated exactly on the border line of Oort spike area.
All comets with second-class orbits are significantly shifted towards higher values of 1/a ori , that is, considerably smaller semi-major axes. However, the uncertainties of the derived 1/a ori are very large and preclude any conclusion, except for the conclusion that three second-class objects do not seem to be Oort spike comets. According to the solutions listed in MW08, only two of them (C/1914 F1 and C/1937 N1) are slightly beyond the right border of the Oort spike region (two dark steel-blue points on the right side of Fig. 5 ). It is interesting to note that our GR solutions yield 1/a ori well inside the Oort spike for both these comets (two dark red points in the middle of the figure) .
Only one comet, C/1942 C2 (orbit of first class), in the investigated sample has a hyperbolic barycentric original orbit of 1/a ori = (−29.1 ± 13.5) × 10 −6 AU −1 (upper panel of Fig. 4) . This comet has a perihelion distance larger than 4 AU, and we were only able to determine a GR solution. At the level of 3 sigma, this comet does not have to be a stranger coming from the interstellar space, but it could be a comet of the solar system. This comet also has a formally negative value of 1/a ori = −34 ×10 −6 AU −1 in MW08, very close to our value. Of the seven more comets with negative 1/a ori in MW08, only three have orbits of second class (in MW08), and one more case of 1/a ori is marginally negative. Four of these hyperbolic comets in MW08 (C/1906 B1, C/1911 S3, C/1946 C1 and C/1946 U1) have determinable NG effects according to our investigations with elliptic original orbits, as shown in the middle panel of Fig. 6 . The remaining three have positive 1/a ori in our GR model of motion (C/1904 Y1, C/1932 M1, and C/1940 S1, see Table C .1). Figure 6 shows the 1/a ori -shifts caused by incorporating the NG effects in the model of motion. The five largest 1/a ori -shifts are observed for comets of second-class orbits. However, the uncertainties of the 1/a ori determination are also large in all these cases. The goodness of NG model fit to the positional data compared to the GR model is discussed in detail in Sect. 4.1.1 for all these objects. The largest 1/a ori -shift is observed for C/1911 S3 (far outside the right border of Fig. 6 ), where a pure GR solution gives a hyperbolic original orbit both in the present investigation and in MW08.
The distributions of 1/a ori and 1/a fut are presented in Fig. 7 in the upper and middle panels. The middle panel and Table C .1 show that 19 comets (50%) are escaping from the solar system on hyperbolic orbits, and one more, C/1914 M1, has a marginally bound future barycentric orbit.
In the upper panel of Fig. 7 we compare our results for the best models of motion (turquoise distribution) with those taken from MW08 (black histogram). The difference between distributions of 1/a ori is striking. The distribution resulting from our investigation is wider and shifted towards higher values of 1/a ori . This difference results from 1/a ori -shifts caused by NG effects derived for 13 comets (1/3 of the sample) and because uncertainties of 1/a ori were incorporated in our distribution. For The shape of Oort spike distribution based on 157 nearparabolic comets is presented in the upper panel of Fig. 9 , where 119 comets analysed by Królikowska (2014) were included. The maximum of 1/a ori is broad and extends between 0.000010 and 0.000065 AU −1 . This 1/a ori -distribution seems to have a local minimum somewhere between 0.000025 and 0.000035 AU −1 (spans over at least two bins). It is important to stress here that histograms based on twice wider bins give different shapes depending on how we distributed these wider bins (zero point in the middle of the bin or on its edge).
The lower panel of Fig. 9 shows the distribution of the future reciprocals of semi-major axes. About 50% of these comets leave the solar system on hyperbolic, barycentric orbits, and 13% of the future semi-major axes are still inside the Oort spike. Recent simulations performed by Fouchard et al. (2013) give very similar values, although a little lower. The narrow peak in the range |1/a fut | < 0.000100 AU −1 is striking and includes about 30% of the entire sample. This means that a significant number of these actual comets suffers small planetary perturbations during the passage through the planetary zone.
Summary
The four main features that distinguish this catalogue of orbits of one-apparition comets discovered in the early twentieth century A63, page 9 of 19 A&A 571, A63 (2014) from other catalogues of orbits of similarly old objects are the following:
1. Old cometary positional observations require very careful analysis. For the purpose of this new catalogue, great emphasis has been placed on collecting sets of observations as complete as possible for the investigated comets. Moreover, for many observations comet-minus-star measurements were also available. This type of data was particularly valuable as the most original measurement of comet positions and has allowed us to recalculate new positions of comets using the PPM star catalogue. 2. Old cometary observations were prepared by observers usually as apparent positions in right ascension and declination or as reduced positions for the epoch of the beginning of the year of a given observation. This was a huge advantage of these data, because it allowed us to uniformly take into account all necessary corrections associated with the data reduction to the standard epoch. 3. Osculating orbits of one-apparition comets discovered more than sixty years ago have formerly been determined with very different numerical methods and assumptions on the model of the solar system, including the number of planets taken into account. This new catalogue changes this situation. We offer a new catalogue of cometary orbits derived using completely homogeneous methods of data treatment, accurate methods of numerical integration, and a modern solar system model.
4. The osculating, original, and future sets of orbits are presented for each catalogue comet. For a comet with detectable NG effects, we give both types of orbit: purely gravitational and non-gravitational. We conclude, however, that all thirteen NG orbital solutions given in the catalogue better represent the actual motions of the investigated comets. Surprisingly, NG effects were detectable in data for five comets of second-class orbits. Among these five are three comets (C/1906 B1, C/1911 S3, C/1921 E1) with hyperbolic original, barycentric GR orbits.
Appendix A: Collected observational data and data processing Notes. The sample includes all comets that in MW08 have 1/a ori < 130 × 10 −6 AU −1 and orbits of first-or second-class. Columns (2)- (4) show the osculating perihelion distance, perihelion time, and interval of collected data. The data distribution relative to perihelion passage is shown by additional descriptions: "post" in Col. (4) when all observations were taken after perihelion passage, and "post+" when the number of data taken after perihelion passage dominate. Columns (8)-(9) describe the positional data that formed the basis for determining the orbits presented in MW08. Comets with detectable NG effects are indicated here by rows in light grey shading (see also (1) One observation of poor quality was taken on 1911 September 29. Although a hundred times less weight in comparison to good-quality observations was applied, this measurement was rejected in the selecting and weighting.
(2) One observation was taken on 1912 May 09, two in 1912 September 09, but all three were rejected as incorrect; a single observation from 1912 September 10 was also rejected.
(3) Three observations taken on 1913 October 25, 26, and 31 are outliers. (4) One observation taken on 1914 June 24 (well fitted in right ascension and declination) and two observations taken on 1915 August 10 (only in declination) were also used here to determine the orbit.
(5) Two observations were taken on 1925 March 22, but were rejected as outliers.
(6) One observation was taken on 1925 April 05 and was included in the orbit determination only in right ascension.
(7) Two observations were taken on 1926 June 09 and 10 and were included in the orbit determination only in right ascension and declination, respectively.
(8) One observation taken on 1933 January 20 was included in the orbit determination in declination.
(9) One observation taken on 1937 November 12 was included in declination in the orbit determination.
(10) Three observations were taken on 1941 January 03 -these were included in the orbit determination only in right ascension.
( Comet Number of Number of Per cent of P r e l i m i n a r y g r a v i t a t i o n a l s o l u t i o n ➹-★ recalculated recalculated b e f o r e PPM a f t e r PPM obs. ➹ positions observations rms [. ] No. of residuals rms [. ] No. of residuals (1) (2) (3) (4) (5) (6) Notes. Column (3) shows the number of recalculated (➹-★) positions using the PPM catalogue, their percentage in comparison to the entire data set collected here (see Col. (5) Appendix C: Original and future barycentric inverse semi-major axes and orbit-quality assessment (3)) and orbit-quality assessment (Cols. (2) and (11)- (12)). Notes. Columns (4)-(6) show values of 1/a ori , 1/a osc and 1/a fut taken from MW08, Cols. (7)- (8) give values of 1/a ori and 1/a fut and their uncertainties derived in the present investigation. NG solutions are given in the second row of these comets when these solutions were possible to determine. The rms and the number of residuals are additionally given in Cols. (9)-(10). In the last two columns the quality class assessments are presented using the standard MSE method (Col. (12)), and the new revised method proposed by Królikowska & Dybczyński (Col. (13) 
